with breast cancer under the age of 50-years (approximately 49,000 women) and is a leading cause of death in this age group [1] . It is estimated that over 40,000 women will die of this disease in 2015 [2]. More than 50% have estrogen-receptor positive (ER+) disease, although estrogen is a steroid sex hormone required for normal breast development [3] . There is a strong correlation between exposure to estrogen and development of breast cancer [3, 4] . Breast cancer due to elevated blood levels of estrogen is the most frequent type of invasive malignancy that affects over 1 million women worldwide [4] . Breast carcinogenesis is due to metabolism of estrogen to genotoxic metabolites and cellular growth and proliferation that leads to initiation, promotion and development of breast cancer [5] .
with breast cancer under the age of 50-years (approximately 49,000 women) and is a leading cause of death in this age group [1] . It is estimated that over 40,000 women will die of this disease in 2015 [2] . More than 50% have estrogen-receptor positive (ER+) disease, although estrogen is a steroid sex hormone required for normal breast development [3] . There is a strong correlation between exposure to estrogen and development of breast cancer [3, 4] . Breast cancer due to elevated blood levels of estrogen is the most frequent type of invasive malignancy that affects over 1 million women worldwide [4] . Breast carcinogenesis is due to metabolism of estrogen to genotoxic metabolites and cellular growth and proliferation that leads to initiation, promotion and development of breast cancer [5] .
Targeted estrogen therapies are the current treatment regimen for postmenopausal women diagnosed with advanced ER+ breast cancer [6] . Aromatase inhibitors (Exemestane, Pfizer) combined with the mammalian target of rapamycin (mTOR) inhibitor everolimus (Afinitor, Novartis Pharmaceuticals) are chemotherapeutic drugs that decrease estrogen levels and have been found to significantly reduce invasive breast cancers in postmenopausal women [6, 7] . They are also more effective in preventing recurrence of malignant disease than the selective estrogen-receptor modulator (SERM) medications tamoxifen and raloxifene [8] . As a result, there is improved survival rates due to the increased use of such targeted estrogen therapies [6] [7] [8] .
In the treatment of bone metastases from breast cancer, bisphosphonates are considered the cornerstone of treatment [9] . Intravenous bisphosphonates reduce bone resorption by inhibiting osteoclast function, but an adverse side effect that restricts their clinic use is osteonecrosis of the jaw [10] . Medication-related osteonecrosis of the jaw (MRONJ) is a rare disease characterized by exposed bone with or without pain of patients prescribed bisphosphonates in the treatment of malignancies such as multiple myeloma, and cancer of the prostate gland and breast [10] [11] [12] .
Abstract
Background: In the treatment of bone metastases from breast cancer, bisphosphonates are considered the cornerstone of treatment to prevent adverse skeletal related events. Intravenous bisphosphonates reduce bone resorption by inhibiting osteoclast function. However, osteonecrosis of the jaws is a commonly reported side effect with intravenous bisphosphonates to treat malignancies, such as breast cancer and restricts their clinic use. New targeted therapies have recently been introduced to improve progressionfree survival in postmenopausal women with estrogen receptorpositive advanced breast cancer. Everolimus is a mammalian target of rapamycin (mTOR) inhibitor used in combination with an aromatase inhibitor to treat advanced breast cancer, but may lead to development of osteonecrosis of the jaw that has a similar clinical presentation from bisphosphonate therapy.
Introduction
Breast cancer is the most common cancer diagnosed in women globally and the most frequent cause of death among all cancers in women [1, 2] . In the United States, 21% of women are diagnosed in postmenopausal women, which is the enzyme responsible for estrogen synthesis from the androgenic substrates androstenedione and testosterone in peripheral tissues [20] [21] [22] . The overall result is a reduction of circulating endogenous estrogen levels in peripheral blood and tumors that are important in preventing recurrence in estrogen receptor positive breast cancer. However, estrogen targeted therapy with aromatase inhibitors in the treatment of breast cancer can also affect the health of the human skeleton [23] . As estrogen production is suppressed with targeted therapy, this may lead to additional bone resorption and increased rates of skeletal fracture.
Mammalian Target of Rapamycin Inhibitor
Everolimus is a mammalian target of rapamycin (mTOR) inhibitor which has been approved for the treatment of ER+ advanced breast cancer in postmenopausal women with exemestane [6] . Activation of the mTOR signaling pathway by cancer cells is a strategic survival mechanism with endocrine (estrogen) resistance [24, 25] . The mammalian target of rapamycin (mTOR) is a serine-threonine kinase that stimulates cell growth, proliferation, angiogenesis, protein and ribosomal biosynthesis [26] . Activation of this kinase stimulates cancer growth.
Research has discovered a close relationship between estrogen receptor signaling and the mTOR intracellular pathway [27] [28] [29] . Everolimus combined with exemestane selectively targets mTOR resulting in antitumor activity [7] . Inhibition of mTOR down regulates the cellular process of growth and proliferation of cancer cells. By inhibition of mTOR, expression of vascular endothelial growth factor (VEGF) and angiogenesis are also depressed [14] . Based on the BOLERO-2 trial, combining everolimus with exemestane statistically improved progression-free survival in postmenopausal women with estrogen-receptor positive advanced breast cancer, as both drugs synergistically decrease growth and proliferation of cancer cells [14] .
Reported adverse side effects with the use of everolimus include the following: stomatitis, gingivitis, dermatitis, pneumonitis, metabolic and blood disorders, infections, bleeding, impairment of wound healing and osteonecrosis of the jaw [14] .
Case Report
A 66-year-old female was referred to our oral and maxillofacial surgery practice (cysl) from her family dentist for consultation and management of a painful, non-healing extraction site in the left posterior mandible. The patient's dental history was significant for extraction of tooth #18 four months ago by her dentist. Past medical history was significant for hypothyroidism and estrogen receptor positive advanced cancer of the left breast diagnosed in 2007. The patient denied a history of osteoporosis or osteopenia. Treatment consisted of surgical lumpectomy and the nonsteroidal aromatase Since the first report of osteonecrosis of the jaw was reported by Marx [13] in 2003, there have been reports of other pharmacotherapeutic classes of drugs that may also cause osteonecrosis of the jaw. Therefore, the American Association of Oral and Maxillofacial Surgeons changed the nomenclature from bisphosphonate-related osteonecrosis of the jaw (BRONJ) to medication-related osteonecrosis of the jaw (MRONJ) [11, 12] .
Similar to bisphosphonate medications, everolimus has been implicated as a risk factor in the development of osteonecrosis of the jaw [14] . To our knowledge, this is the first case report in the English dental and medical world literature describing the adverse effect of osteonecrosis of the jaw where an mTOR inhibitor may be an independent risk factor without past or concurrent use of intravenous bisphosphonates. In this case report, the goal was to determine the role of everolimus, an mTOR inhibitor as a possible independent risk factor for the development of this debilitating condition of the jaw. The clinical presentation appears very similar to osteonecrosis of the jaw with bisphosphonate therapy.
Estrogen and Bone Physiology
In the adult human skeleton, bone remodeling and metabolism is a result of a homeostatic balance between resorption of bone by osteoclasts and bone remodeling by osteoblasts [15, 16] . During bone remodeling, estrogen has antiresorptive effects on osteoclastic activity and stimulates osteoclast apoptosis [17, 18] . This steroid sex hormone also modulates osteoblast cytokines which decreases differentiation and maturation of osteoclasts. However, estrogen may also induce direct effects on osteoblasts, where bone formation occurs more than resorption.
In the postmenopausal state, estrogen production is increased from the ovaries to adipose tissue, adrenal glands, smooth muscle and bone [17, 18] . Androgens produced by the adrenal glands circulates in peripheral tissues and is converted to estrogen by the action of aromatase (also known as estrogen synthetase) that is critical for overall bone health. Estrogen deficiency that occurs naturally or in the postmenopausal state can increase osteoclastic activity. The result is increased bone resorption and poor bone quality and increased rates of skeletal fractures [18] .
Aromatase Inhibitors
Estrogen is the primary hormone involved in the development and proliferation of breast tumor cells [3, 19] . Suppression of estrogen synthesis is a key targeted strategy against breast cancer [3] [4] [5] 8] . There are two classes of third generation orally administered aromatase inhibitors: exemestane, which is a steroid inhibitor, and the nonsteroidal inhibitors, anastrozole and letrozole [20, 21] . Aromatase inhibitors suppress plasma estrogen levels by inactivating aromatase years previous, tooth #31 was extracted. Past medical history was significant for medullary thyroid cancer that was treated by total thyroidectomy and intravenous zoledronic acid for bone metastases for the next five years. At the time of presentation, the patient was already taking everolimus 10 mg daily for the past 3-years. The authors speculate that because the last dose of zoledronic acid was prescribed six years ago, such a long interval without bisphosphonates may not have contributed to development of osteonecrosis of the mandible. Instead, the addition of everolimus could have precipitated the development of MRONJ. In the second case by Giancola, et al. [46] their patient was treated with zoledronic acid for two years for renal cancer that metastasized to the skeleton prior to initiating therapy with everolimus. In the case reported by Martini and colleagues [47] , their patient was prescribed zoledronic acid for a period of six months for bone metastases from renal cell carcinoma before instituting sunitinib and everolimus therapy. Because the half-life of inhibitor, tamoxifen. In 2014, there was a recurrence of the disease and mastectomy of the left breast in April 2015. The patient's medical history was negative for radiation treatment, bisphosphonate or monoclonal antibody therapy. Her medications at the time of presentation to our office included the following: levothyroxine 100 mcg, exemestane, 25 mg and everolimus, 10 mg daily.
At the time of presentation, the maxillofacial examination was unremarkable. No facial swelling, or orocutaneous fistula was observed. Oral examination of the left posterior mandible revealed edema and erythema of the gingiva and mucosa in the area of the extraction site with exposed bone. The non-healing area was extremely tender to palpation. No purulent discharged was observed. Imaging studies consisting of a panoramic radiograph revealed increased osteosclerosis and trabecular density (Figure 1) . Cone beam CT scan in the axial view showed osteolysis in the area of the extraction site (Figure 2 ).
Based on the clinical examination with a greater than 8 week history of exposed bone in the mandible and no history of radiation treatment, the diagnosis was consistent with Stage II osteonecrosis of the mandible that was indistinguishable from Stage II osteonecrosis of the mandible with bisphosphonate therapy based on the American Association of Oral and Maxillofacial Surgeons MRONJ Classification [11, 12] . Stage II is characterized by erythema, exposed necrotic bone for greater than 8 weeks, and pain without purulent discharge. However, in this specific case, MRONJ was not associated with bisphosphonate therapy.
The patient was informed of the clinical findings and was treated with surgical debridement with a round bur in a high speed hand piece under cool water irrigation under local anesthesia until bleeding viable bone was observed. Exploration of the buccal and lingual cortex and alveolus of the extraction site revealed areas of bone that appeared non-vital. Adjunctive therapy with platelet rich plasma obtained from venous blood of the right upper extremity was sprayed on to the mandible and soft tissues to enhance wound healing [30] [31] [32] [33] . To rule-out metastasis to the mandible, a hard tissue biopsy was performed. Histologic examination was negative for metastases from the breast, but consistent with osteonecrosis. Cultures revealed mixed microbial flora with actinomyces ( Figure 3 and Figure 4) . To manage the actinomycosis, the patient was referred to an infectious disease specialist for antibiotic therapy which consisted of a 12-week regimen of oral clindamycin 300 mg four times per day as the patient was allergic to penicillin. Follow-up observation over the following six months revealed complete soft tissue healing with no signs of refractory osteonecrosis and exposed bone.
Discussion
Breast cancer affects over 1 million women world-wide with metastases occurring in 65% to 75% of patients [29] . Intravenous bisphosphonates are highly effective in preventing complications due to bone metastases and skeletal related events [10] [11] [12] . They inhibit bone resorption and facilitate osteoclast apoptosis [34] [35] [36] . However, a major adverse side effect is osteonecrosis of the jaw (ONJ) [11, 12, 37, 38] . Recently, there have been reports of MRONJ from nonbisphosphonate therapy, such as denosumab (human monoclonal immunoglobulin antibody) [39] [40] [41] , sunitinib and bevacizumab (VEGF inhibitors) [42, 43] and trastuzumab (antiangiogenic) [44] and the mTOR inhibitor, everolimus [14, [45] [46] [47] . All of these medications disrupt the bone remodeling cycle due to their different mechanisms of action.
Concurrent administration with bisphosphonates may also increase the risk for the development of MRONJ [44] [45] [46] [47] . There have only been three reported cases in the world literature describing osteonecrosis of the jaws from targeted cancer therapy with everolimus. In each case report the patient was previously treated with the intravenous bisphosphonate, zoledronic acid [45] [46] [47] . Kim, et al. [45] reported that their patient presented for evaluation and treatment of exposed bone in the right posterior mandible. Twelve bisphosphonates in bone is greater than 10-years [48, 49] , we are of the opinion that in all three case reports, administration of intravenous zoledronic acid previous to everolimus therapy likely contributed to the development of MRONJ in their patient.
In our case report, we describe development of osteonecrosis of the mandible in a postmenopausal women on combined therapy with exemestane and everolimus after extraction of a mandibular molar tooth. To our knowledge, there are no case reports of MRONJ from exemestane. Several hypotheses have been presented in the literature to explain the pathogenesis of MRONJ due to bisphosphonates. Marx and colleagues hypothesize that bone turnover is effectively inhibited as the primary action of bisphosphonates is the inhibition of osteoclastic-mediated bone resorption [50, 51] . The major toxic effect is cellular apoptosis of osteoclasts where coupling of osteoclastic and osteoblastic activity is disrupted resulting in suppression of bone turnover. A second theory is that MRONJ is due to the antiangiogenic effects of bisphosphonates that affects vascularization, inhibits angiogenesis and ultimately, delays wound healing [52] . Further, oral epithelial cells are exposed to localized increased toxic concentrations of bisphosphonates following trauma resulting in compromised epithelial wound healing, jaw exposure and development of osteonecrosis of the jaw [53] . Another theory is local tissue acidosis in the jaw due to bisphosphonates may elicit the onset of osteonecrosis [54] . Lee and Suzuki hypothesize that actinomyces may play a critical role in the pathogenesis of medication-related osteonecrosis of the jaws (MRONJ) [55] . Recognition of actinomycosis is critical. In the presence of signs and symptoms of soft tissue edema, erythema, exposed bone and suppuration, actinomycosis should be recognized as a primary diagnosis and specific treatment directed at eradication of this bacterial pathogen. The authors of this case report are of the opinion that the mechanism of osteonecrosis of the jaw from everolimus may involve all of the theories mentioned above due their effects on bone homeostasis, angiogenesis and the microbial pathogen, actinomyces. Therefore, new targeted cancer therapy with mTOR inhibitors may be another risk factor in the development of MRONJ.
Conclusion
The dental community must be aware that although medicationrelated osteonecrosis of the jaws is most commonly associated with intravenous bisphosphonates therapy for malignancies such as breast cancer, new targeted therapies in breast cancer treatment are potential risk factors for development of osteonecrosis of the jaw. For each dental practitioner that encounters the breast cancer patient, obtaining an up to date medical history is important especially if the patient is treatment planned for surgery involving the jaws. The risk of osteonecrosis of the jaw must always be considered and the patient must be educated on the potential risk from their cancer therapy. We recommend that oral health care providers follow the existing recommendations for the prevention of MRONJ.
